Endoscopic ultrasound is recommended for rectal cancer staging. Transrectal ultrasound approach is able to overcome one of the limitations of this technique regarding circumferential rectal stenosis. Prior intrarectal administration of a small amount of fluid contrast agent optimizes the method, making it easier to distinguish the layers of the rectal wall and tumor formation. Endoscopic ultrasound focuses on the gray-scale mode. Additional procedures provide useful information for tumor assessment: Doppler ultrasound helps identify chaotic intratumoral vascularization; 3D ultrasound allows the assessment and accurate measurement of the tumor; elastography can identify focal tumor dysplasia within adenomas; contrast-enhanced ultrasound allows characterization of tumor microvasculature. Even if they are not as accurate in distinguishing rectal wall layers, cross-sectional imaging techniques (CT, MRI) can identify the anatomical relationships of advanced locoregional cancers, as well as possible distant metastasis. This paper aims at illustrating the main pathological aspects of endoscopic ultrasound multimodal examination useful for cancer staging.
Introduction
The diagnosis, treatment and follow-up of patients with colorectal cancer has considerably improved in the recent years. Given the tendency to choose the optimal and at the same time least invasive treatment, the role of imaging methods have gained in importance for the diagnosis, staging, and follow-up of patients with colorectal cancer. Thorough rectal cancer assessment and staging includes the local examination of the tumor (indicating the extent of rectal wall and neighboring tissues invasion and the assessment of adjacent lymph nodes [1] , the identification of any distant metastases and synchronous intestinal tumors [2] . There are several imaging techniques that can be used for rectal cancer assessment: endoscopic ultrasound, which is the most accessible and with good results for cancer staging; computed tomography (CT) and magnetic resonance imaging (MRI) are cross-sectional investigations that scan the entire body, identifying possible distant metastases or synchronous tumors. Among these, endoscopic ultrasound has proven to be the best imaging technique in rectal tumors. A complete endoscopic ultrasound multimodal examination may even surpass biopsy in terms of rectal cancer detection [3, 4] Ultrasound techniques 2D and 3D gray scale ultrasound. Endorectal and endovaginal US, in one term endoscopic US, represent the essential test for the local assessment of rectal tu-mors. It is easy to perform and well-tolerated, requiring minimal prior preparation (enema), providing essential morphological information for cancer diagnosis and staging (uTNM). When performed after administration of small quantities of water (100-150 cc), the method can be a very useful diagnostic tool (fig 1) . Transrectal (TR) US is useful for the assessment of tumor morphology and tumor size, tumor extension into the longitudinal rectal muscle and inside it, tumor location in relation to the anus, and perirectal lymph node characterization [5, 6] . All these aspects are summarized in Table I [7] . 3D US allows accurate measurement of rectal tumors and identification of anatomical relationships, which assists the surgical planning procedure. Processing the data acquired by 3D US makes possible the visualization of rectal tumors in a way similar to digestive endoscopy (fig 2) .
Elastography. It is an ultrasound application that has already proved useful in various clinical fields [8] . So far, the association between TRUS and elastography proved particularly useful in assessing prostate, rectal tumors being less studied. Of all types of elastography (ARFI, SWE and color/strain elastography), rectal cancer assessment was mainly based on strain/color elastography (SE), probably because this type of elastography is commonly present with ultrasound equipment (fig 3) . Doppler ultrasound. This technique is useful for the assessment of rectal tumors, providing information about the characteristics of the blood vessels located in the intra-and peritumoral areas. Color flow mapping (CFM) identifies the presence of blood vessels and the direction of the blood flow, while the spectral method provides information on the characteristics, direction and the type of blood flow.
Contrast-enhanced ultrasound (CEUS).
This application of TRUS has not yet been fully explored in relation to rectal tumors, but there are many studies in other areas Table I . Rectal cancer staging [7] .
T primary tumor
Tx -primary tumor cannot be assessed T0 -no evidence of primary tumor Tis -carcinoma in situ: intraepithelial tumor or invasion of lamina propria T1 -tumor invades submucosa T2 -tumor invades muscularis propria T3 -tumor invades through the muscularis propria into pericolorectal tissues T4a -tumor penetrates to the surface of the visceral peritoneum T4b -tumor directly invades or is adherent to other organs or structures.
N regional lymph nodes
Nx -regional lymph nodes cannot be assessed N0 -no regional lymph node metastasis N1 -metastases in 1-3 regional lymph nodes N1a -metastasis in 1 regional lymph node N1b -Metastases in 2-3 regional lymph nodes N1c -tumor deposit(s) in the subserosa, mesentery or nonperitonealized pericolic, or perirectal tissues without regional nodal metastasis N2 -metastases in ≥4 regional lymph nodes N2a -metastases in 4-6 regional lymph nodes N2b -Metastases in ≥7 regional lymph nodes M distant metastasis M0 -no distant metastasis M1 -distant metastasis M1a -metastasis confined to 1 organ or site (e.g. liver, lung, ovary, non-regional node). M1b -metastases in >1 organ/site or the peritoneum of interest, where it has demonstrated its importance in the characterization of tumoral lesions. Immediately after the injection of the contrast medium, the microbubbles reach the rectum, especially the areas where microcirculation is more abundant. The images must be stored for further analysis of loading and unloading curves and for a more objective interpretation, according to the time intervals acquired on these curves. In order to calculate these curves and easily identify the differences between them, one or more ROIs must be manually selected on the equipment, one for the tumor-bearing region and another for an apparently tumor-free region. The most important time-intensity parameters that can be acquired on the loading and unloading curves are the following: contrast arrival time in the ROI (AT), maximum contrast medium enhancement (time to peak -TTP), maximum contrast intensity (peak intesity -PI), area under the curve (AUC), loading time (WIT), ascending slope (AS) and echo intensity (EI) [9] [10] [11] . With the help of these parameters, CEUS offers very good interobserver variability [9] .
Cross-sectional imaging techniques
CT. It is a radiating technique, but it has the advantage of rapid acquisition scans. Preparation prior to CT scan includes water enemas. Portal-phase CT scan was proposed in order to reduce the degree of radiation, with similar results obtained for arterial and venous phases [12] . CT with intravenous administration of iodine based contrast medium shows limited soft tissue contrast for local staging of early tumors [2, 5] . CT scan cannot distinguish between the layers of the rectal wall [13] . However, multidetector CT (MDCT) with multiplanar reconstruction (MPR) has a good accuracy for the assessment of locoregionally advanced tumors (T3, T4) (87.1% for tumor assessment and 84.8% for lymph node assessment) [13] .
MRI. It is a non-radiating cross-sectional imaging technique, but the acquisition of all sequences takes longer than in the case of a CT scan. However, MRI has become increasingly popular for rectal cancer diagnosis and staging. Compared to CT, MRI shows better soft tissue contrast and, in addition, it has many advantages: it emphasizes tumor relationships with the rectum, mesorectal fascia, and adjacent tissues, it identifies pelvic lymph nodes and possible vascular infiltration [2, 14] . The use of the endorectal coil increases the diagnostic value of the method in the evaluation of rectal tumors. The basic MRI protocol includes either the T2 sequence alone, or the additional T1 sequence. Using fat-suppressed T2 sequences is useful to emphasize perirectal fat invasion [15] . The administration of Gadolinium based contrast agents does not bring additional information for the diagnostic accuracy of magnetic resonance imaging. Of all MRI sequences, the T2 sequence is the most appropriate to identify rectal wall layers. This sequence is characterized by hyperintense mucosa and submucosa, which makes it difficult to distinguish one from the other; relatively hypointense muscularis propria; hyperintense layer representing the perirectal fat tissue. The mesorectal fascia is a linear structure, smooth and hypointense, encompassing the mesorectum [15] (fig 4) .
Endoscopic US assessment of rectal cancer. Rectal tumors present varied echogenicity, and in evolution determine disruption and upheaval of rectal layers. TRUS allows identification of tumor morphology, size and loca- tion in relation to the anus, assessment of lymph node morphology and size, if present, and, of course, uTNM staging [5] (fig 5-7) . 3D US shows similar or even higher accuracy than 2D US in the evaluation of rectal tumors (Acc=78-88% for 3D and 69-84% for 2D US) [16, 17] . The 3D image can be impressive.
Pathological lymph nodes with ≥5-7mm in size are hypoechoic and round [5, [18] [19] [20] .
Rectal tumors have intense and chaotic vasculature (fig 8) . The contribution of Doppler ultrasound to cancer staging is not significant, but it is extremely useful to distinguish tumor recurrence from postoperative scarring [21] . Malignant lymph nodes have a RI≥0.61 and PSV≥20cm/second [20] .
Elastography can distinguish malignant form benign tumors (malignant tumor mean strain ratio value over 1.25 and benign tumor mean strain ratio value below 1.25 [4] . In terms of cancer staging, elastography, along with TRUS, is useful to distinguish pT0 stage from pT1 stage, with better results than MRI, including pretreatment biopsy. Elastography, additional to TRUS, does not bring additional information regarding T2 and T3 staging, as TRUS is sufficient for final cancer staging [3] (fig 9) . To our knowledge, the characterization of pathological lymph nodes did not include their elasticity but, by our experience, these appear more rigid than perirectal fat during elastography (fig 10) .
CEUS. The contrast agent is homogeneously retained by all rectal adenomas, and, compared to tumor- free rectal wall the contrast medium becomes visible later and with lower intensity. Difficulty may arise in case of larger adenomas with increased uptake. Adenocarcinomas are irregular and, compared to the tumor-free rectal wall, the contrast medium loads faster and contrast maximum enhancement occurs earlier [10] . Specifically, aggressive tumors with high degree of angiogenesis have an increased inhomogeneous contrast uptake. An exception to this rule is that of large tumors with intratumoral necrosis, which can have a low contrast uptake or even no uptake [10] (fig 11) .
Limitations
There are relatively few limitations of endoscopic US; difficulties may occur in the case of high rectal tumors, where the transducer cannot penetrate, in the evaluation of circumferential neoplasms, stenotic in men, in case of posterior rectal curving, which may limit optimal visualization of tumors on the posterior wall of the rectum. Since the introduction of the water enema procedure, the presence of air and feces in the rectum is no longer a significant drawback [22] [23] [24] . However, there is still the question whether the presence of water does not restrict the use of elastography, giving rise to artifacts. Also, the transvaginal approach can be used for stenotic tumors, circumferential in women, thus offering a much better visualization than the transrectal approach [22, 25] .
CT. Even if CT cannot differentiate rectal wall layers, rectal tumors can be identified using iodine-containing contrast medium, involving the perirectal fat tissue and adjacent organs (in more advanced stages). To assess T3-T4 tumor stages, CT with MPR showed good accuracy (87.1%) [13] (fig12, fig 13) . CT scan is inferior to TRUS and MRI with endorectal coil when identifying peritumoral lymph node metastasis [26] .
MRI. Rectal lesions show increased signal intensity than the muscle layer and lower signal intensity than the submucosa [27] . Identification of tumor lymph nodes assessed using MRI strictly from a size perspective is not plausible [28] . To identify lymph node invasion using MRI, lymph node morphology must be taken into account, such as the irregular contours and inhomogeneous intranodal signal intensity, rather than their size [28] . In evaluating perirectal lymph nodes, MRI was significantly improved by using the endorectal coil, obtaining the highest accuracy of all imaging investigations [26] (fig 14-16) .
The main limitation of CT is that it cannot identify the rectal layers individually and it shows a low soft tissue contrast, thus unable to identify early stage rectal cancer. It should also be taken into account that this type of examination cannot be performed in people allergic to iodine. Regarding MRI, some of its drawbacks include the high costs, poor accessibility, the length of the procedure and general contraindications in patients with pacemakers, various metal prostheses and in those who suffer from claustrophobia.
Conclusions
Gray scale endoscopic US is a good choice for the local assessment of rectal tumors. Additionally, every TRUS application brings useful information in the diagnosis, staging and reassessment of rectal tumors: Doppler US emphasizes intratumoral hypervascularization and differentiates between postsurgical scarring and local recurrences; 3D US measures the volume, the exact size of the tumor, identifying its spatial position and the relationships with adjacent tissues; elastography is useful for early rectal cancer staging and for the differentiation between malignant tumors and adenomas; CEUS identifies intratumoral microcirculation. All these applications have the great advantage of being accessible and applicable as part of the same examination, radiation-free and with good diagnostic accuracy. Endoscopic US cannot replace cross-sectional examinations that can scan the entire body of the patient, in search of possible distant metastasis, but when it comes to local examination, it is the method of choice for all rectal tumors. 
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